Acetylcholine receptors aggregate in the membrane of cultured chicken myotubes; the process of receptor clustering can be stimulated by exogenous factors that we, among others, have begun to characterize. Chicken myoblasts transformed by temperature-sensitive mutants of Rous sarcoma virus, such as tsNY68, fuse to form multinucleated myotubes at 42TC, the nonpermissive temperature for transformation. However, tsNY68-infected myotubes do not cluster acetylcholine receptors at 420C, even in the presence of active clustering agents. This phenomenon is not merely a result of viral infection, since myotubes infected with a transformationdeficient viral mutant, tdlO7A, behave like noninfected myotubes with respect to receptor clustering; thus, the effects of tsNY68 on the clustering process must be mediated by the src gene product. These experiments may provide a method of identifying essential elements of acetylcholine receptor clusters.
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Motor innervation of embryonic skeletal muscle fibers causes uniformly distributed acetylcholine receptors (AcChoRs) to accumulate in high concentrations at synaptic sites (1, 2) . This appears to result from secretion of a factor, distinct from acetylcholine, from the nerve terminals (3) (4) (5) . Once an AcChoR cluster is formed, its maintenance as a stable unit, even in denervated muscle, seems to depend upon a component of the muscle fiber's basal lamina (6, 7) . The postsynaptic region of muscle is also characterized by other structural features, such as secondary membrane folds and soleplate nuclei (8) . The external AcChoR-localizing molecules have not yet been characterized in detail, and very little is known about other components of the muscle cell, such as elements of its cytoskeleton, which function in the generation of the postsynaptic specialization. Experimental methods for identifying these components would be very valuable.
Muscle fibers grown in tissue culture have been used as a convenient system to study events associated with the synthesis and localization of synaptic macromolecules (reviewed in ref. 9). These cells are able to synthesize AcChoRs and to aggregate them into high-density clusters. They also respond to a variety of exogenous factors by producing increases in AcChoR number, AcChoR cluster number, or both (3-5, 10, 11) . It has been thought that studying the process of AcChoR aggregation on cultured muscle fibers will assist in understanding the mechanism of AcChoR localization at the neuromuscular junction.
Rous sarcoma virus (RSV) is an avian retrovirus whose ability to produce cell transformation is due to the activity of its Mr 60,000 tyrosine-specific protein kinase, pp60rc. Temperature-sensitive (ts) mutants of RSV have been used to study events occurring during cellular differentiation (12) (13) (14) (15) . Cultured avian myoblasts transformed by ts mutants of RSV remain as replicating, mononucleated cells at the permissive temperature for viral transformation and express biochemical markers associated with the transformed state, such as plasminogen activator (16) . When shifted to the nonpermissive temperature, they regain the capacity to fuse into myotubes and begin to synthesize molecules-such as myosin and creatine kinase-characteristic of normal embryonic myotubes (17, 18) .
We report that myotubes formed by the fusion, at the nonpermissive temperature, of chicken myoblasts transformed by a temperature-sensitive mutant, tsNY68, of RSV (19) are unable to cluster AcChoRs, in distinct contrast to nontransformed myotubes maintained at the same temperature. Our results suggest that the src gene product is involved in the observed defect in AcChoR clustering and should eventually be important in determining the molecular basis of this process.
MATERIALS AND METHODS
Cell Culture. The hind-limb muscles of 11-to 12-day chicken embryos were enzymatically dissociated and preplated on plastic dishes to enrich for myoblasts (20) . Cells were then plated on collagen-coated plastic dishes in a medium consisting of Eagle's minimal essential medium with 10% horse serum and 5% chicken embryo extract and infected at 37°C several hours later with 1-2 focus-forming units of virus per cell with the addition of DEAE-dextran to aid in the entry of virus (21) . Transformation was assessed by the appearance, after 3-4 days, of rounded, refractile cells with diminished contact inhibition of growth; some myotubes were present before subsequent passage of the transformed cells. Transformed myoblasts were shifted to 42°C; substantial fusion occurred within 24-48 hr. Similar prefusion cultures were infected at 37°C with tdlO7A, a transformation-deficient RSV mutant that lacks the src gene, and shifted to 42°C along with the transformed cultures. Noninfected cells were shifted to 42°C 1 day after their initial dissociation.
Receptor Labeling and Autoradiography. To assess the distribution of AcChoRs, transformed or normal cells were labeled with 5 nM 125I-labeled a-bungarotoxin (125I-a-bungarotoxin) (Amersham) at least 48 hr after the shift to 42°C in the case of the transformed cells or 5-6 days after the initial dissociation in the case of noninfected cells or cells infected with tdl07A. At the end of a 90-min labeling procedure, carried out at 42°C, cells were fixed in 1% paraformaldehyde/1% glutaraldehyde in 100 mM sodium phosphate buffer, pH 7.4, dipped in Kodak NTB2 emulsion, and processed for autoradiography.
Immunofluorescence. Myotubes were incubated with tetramethylrhodamine-conjugated a-bungarotoxin [prepared by the method of Ravdin and Axelrod (22) ] for 120 min to Abbreviations: AcChoR, acetylcholine receptor; RSV, Rous sarcoma virus; ts, temperature sensitive; td, transformation deficient.
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label AcChoRs and fixed in absolute methanol at -20'C for 10 min. They were labeled with rabbit anti-RSV virion antibody (obtained from James Krueger of The Rockefeller University) for 30 min at room temperature and then with fluorescein isothiocyanate-conjugated goat antiserum to rabbit IgG (Miles) for 30 min at room temperature.
pp6O'$' Kinase Assays. pp6Osrc kinase activity was determined by utilizing the ability of pp6Osrc to phosphorylate the heavy chain of anti-pp60src IgG according to the method of Krueger et al. (23) . tsNY68-infected myoblasts were allowed to fuse at 420C and were then treated with 10 gM cytosine arabinonucleoside to eliminate fibroblasts. Chicken embryo fibroblasts transformed by tsNY68 were shifted to 420C for at least 48 hr before kinase activity was assayed. Cultures of myotubes and fibroblasts were maintained at 420C or shifted to 370C for 10 (28) . AcChoR channels were functional and showed kinetics characteristic of embryonic chicken AcChoRs (27) (Fig. 1) Fig. 2A ). These might result from interactions between muscle cells and serum or embryo extract factors or might be related to interactions at sites of contact between the ventral myotube surface and the culture dish (9) . In contrast, myotubes formed from transformed myoblasts had a uniform distribution of AcChoRs; that is, there were no AcChoR clusters (Fig. 2C) product, we infected cells with a mutant of RSV (tdlO7A) containing a deletion in src but having no alterations in the genes for viral structural proteins. We determined that cells were infected with tdlO7A by immunofluorescence using an antiserum that recognizes viral structural proteins (Fig. 3A) . Colabeling the cells with rhodamine-a-bungarotoxin clearly demonstrated that the infected myotubes had endogenous AcChoRs and increased their number of clusters in response to clustering stimuli (Fig. 3B ). For comparison, Fig. 3 also shows normal uninfected cells that are not labeled by antivirion antiserum (Fig. 3C) but do, of course, cluster AcChoRs (Fig. 3D) seem surprising that this deficit is observed at this temperature. One possibility is that clusters do form at 420C, but then they are completely disrupted during brief temperature shifts while 1251-a-bungarotoxin-labeled cells were rinsed prior to fixation; however, even after muscle cells were treated with metabolic inhibitors, clusters do not disperse for 4-6 hr (30) . Also, cytoskeletal alterations, characteristic of RSV transformation, are observed in a majority of chicken embryo fibroblasts only 3 or more hours after temperature shift, with complete loss of cytoskeletal stress fibers only after 6-12 hrs (31). Our results, therefore, favor the explanation that AcChoRs are unable to form clusters at 420C in cells transformed with tsNY68. Much evidence indicates that pp6Osrc exerts its effects via its ability to phosphorylate tyrosine residues of one or more molecules (32, 33) . Traditionally, it has been thought that pp60Src ofRSV mutants temperature-sensitive for transformation is inactive at the nonpermissive temperature. Although several laboratories have demonstrated reduced pp6OYc kinase activity at 420C, the biological significance of the resid- Since we have found that transformed cells fail to produce any AcChoR clusters in response to diverse stimuli, even at 420C, it seems likely that a high-affinity substrate for pp6Ofsrc, which becomes inactive when phosphorylated, plays some fundamental role in the process of AcChoR clustering. This observation may provide a molecular probe for an essential element of the AcChoR cluster complex. Exploring the actions of membrane-associated tyrosine-specific protein kiProc. NatL Acad ScL USA 81 (1984) nase in tsNY68-infected myotubes at the nonpermissive temperature should allow us to identify molecules involved in the localization of AcChoRs at the neuromuscular junction.
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